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Associations of Handgrip Strength and Handgrip 
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Original Article
Objectives: Recent studies have suggested that assessing handgrip strength (HGS) asymmetry together with HGS may be helpful for 
evaluating problems in geriatric patients. This study aimed to identify whether HGS asymmetry, weakness, or both were associated 
with depression in Korean older adults. 
Methods: This study included 4274 subjects from the sixth and seventh Korea National Health and Nutrition Examination Survey. De-
pression was measured using the Patient Health Questionnaire-9. The maximum HGS of the dominant hand was used as a representa-
tive value. HGS symmetry was categorized by the ratio of the HGS of the dominant hand to that of non-dominant hand. The odds ratio 
(OR) for depression was calculated according to the HGS and its symmetry.
Results: In total, 240 (12.5%) men and 534 (22.7%) women had depression. HGS or HGS asymmetry showed no statistically significant 
associations with depression in elderly men. Elevated odds of depression were observed in elderly women with low HGS (OR, 1.93; 
95% confidence interval [CI], 1.33 to 2.81) or prominent HGS asymmetry (OR, 1.46; 95% CI, 1.02 to 2.08). There was a positive additive 
interaction between asymmetric HGS and weakness, as women with low and prominently asymmetric HGS showed higher odds of 
depression (OR, 3.77; 95% CI, 2.16 to 6.59) than women with high and symmetric HGS.
Conclusions: Depression in elderly Korean women was associated with both low and asymmetric HGS. Our findings support the po-
tential value of HGS asymmetry as an indicator of HGS.
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INTRODUCTION
Due to the rapid growth in the elderly population and a low 
birth rate, Korea became an aged society in 2018, with 7.37 
pISSN 1975-8375 eISSN 2233-4521 
million people aged over 65 years, exceeding 14% of the total 
population. By 2025, Korea will become a post-aged society, 
with the elderly accounting for over 20% of the total popula-
tion [1].
Older adults have variety of health problems including men-
tal problems. Depression is one of the most common mental 
problems and important social issues facing the elderly in Ko-
rea. According to previous studies, the overall prevalence of 
late-life depression in Korea exceeds 10% and is expected to 
increase [2]. Additionally, in 2017, the suicide rate among the 
elderly in Korea was 47.7 per 100 000 people, nearly 2 times 
higher than that of young people [3] and 4.3 times higher 
than the Organization for Economic Cooperation and Devel-
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opment average [4].
Sarcopenia, which is defined as loss of muscle mass and 
strength with age, is becoming recognized as a major cause of 
disability and morbidity in the elderly population [5]. Measur-
ing handgrip strength (HGS) is considered to be an effective 
and convenient way to measure muscle strength. Owing to its 
cost-effectiveness, accessibility, and ease of use, measuring 
HGS is the most widely used method to evaluate muscle 
strength in Asian sarcopenia research [6]. Previous studies 
have reported that low HGS was associated with incident dis-
ability, metabolic syndrome, cardiovascular mortality, and all-
cause mortality in the elderly [7-9]. Moreover, low HGS has 
also been reported to be associated with mental health prob-
lems such as cognitive impairment and depression [10-13].
Normally, there is a slight difference in grip strength be-
tween both hands, typically ranging from 0% to 30% [14]. 
Studies have suggested that prominent unilateral HGS may be 
related to mental disorders such as schizophrenia, bipolar dis-
order, and depression [15-17]. However, Yu et al. [18] suggest-
ed that the degree, not direction, of HGS asymmetry was re-
lated to depression in the elderly. Moreover, several studies 
have found that HGS asymmetry and weakness were jointly 
associated with functional impairment or lower cognitive 
function in the elderly [19-21]. To the best of our knowledge, 
no report has considered the effect of low HGS together with 
HGS asymmetry on depression in the Korean population. 
Therefore, this study aimed to determine whether low HGS, 




The study data were collected from the 2014, 2016, and 
2018 Korea National Health and Nutrition Examination Survey 
(KNHANES VI and VII). The KNHANES is a cross-sectional, na-
tionally representative survey conducted by the Korea Centers 
for Disease Control and Prevention (KCDC).
Details on the sampling design of the KNHANES are available 
on the KNHANES webpage (https://knhanes.cdc.go.kr/knhanes/ 
eng/index.do). The KNHANES targets non-institutionalized Ko-
rean citizens living in Korea. A multi-stage clustered probabili-
ty design was used to sample the survey participants. For ex-
ample, in the seventh KNHANES survey, 192 primary sampling 
units (PSUs) were extracted from roughly 200 000 geographi-
cally determined PSUs for the entire country. Using systematic 
sampling, 23 final target households were drawn from each 
PSU, which comprised approximately 60 households. Finally, 
individuals aged 1 year and over were surveyed in the selected 
households [22]. Approximately 10 000 individuals are target-
ed for the KNHANES each year, with a response rate of roughly 
75%. 
A total of 23 692 individuals responded and were surveyed 
for the KNHANES in 2014, 2016, and 2018. The 2015 and 2017 
data were excluded as they did not contain a depression screen-
ing survey. Of those who responded, participants who were 
under the age of 60 years or had any incomplete data or miss-
ing values were excluded. Participants with stroke were also 
excluded because this condition may cause muscle weakness 
and act as a confounder. In the final sample, the total number 
of participants was 4274 (Figure 1). 
Depression
To select participants with depression, we used the Patient 
Health Questionnaire-9 (PHQ-9). The PHQ-9 is a diagnostic in-
strument for depression, which scores each of the 9 Diagnostic 
and Statistical Manual of Mental Disorders (DSM)-IV criteria 
from 0 (not at all) to 3 (nearly every day) [23]. Since the core 
criteria for major depressive disorder have not changed in the 
DSM-V, the effectiveness of the PHQ-9 was maintained. In this 
study, we used a PHQ-9 score of 5 as a threshold for the diag-
nosis of depression, which was adjusted for the Korean elderly 
[24].
Figure 1. Flow chart of participant selection. PHQ-9, Patient 
Health Questionnaire-9.
2014, 2016, 2018 Korea National Health and 
Nutrition Examination Survey (n=23 692)
Aged ≥60 y (n=6527)
Final participants (n=4274)
(1923 men, 2351 women)
Exclusion criteria
  - Young or middle aged adults (n=17 165)
Exclusion criteria
  - Without handgrip strength (n=1063)
  - Not responded to PHQ-9 survey (n=448)
  - Missing other covariates (n=563)
  - Stroke (n=179)
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Handgrip Strength
HGS was measured 3 times for each hand by a skilled inves-
tigator, using a digital dynamometer. The participants were in-
structed to grip the instrument with their maximum strength 
for 3 seconds in the upright position, and a 60-second break 
was allowed after each cycle. The maximum HGS of the domi-
nant hand was used as a representative value. We categorized 
HGS into 3 levels: high (60-100th percentile of the study popu-
lation), medium (20-60th percentile of the study population), 
and low (lower than 20th percentile of the study population). 
The cut-off value of low HGS followed the criteria recommend-
ed by the Asian Working Group of Sarcopenia [6]. It has been 
assumed that the grip strength of the dominant hand is ap-
proximately 10% greater than that of the non-dominant hand, 
which is referred to as the “10% rule” [19-21,25]. Therefore, 
symmetric HGS was defined as a calculated HGS ratio between 
0.9 and 1.1; otherwise, HGS was defined as asymmetric. We 
classified asymmetric HGS as moderate (ratio of 0.8-0.9 or 1.1-
1.2) or prominent (ratio lower than 0.8 or higher than 1.2) to 
investigate whether the degree of HGS asymmetry was related 
to the prevalence of depression.
Covariates
All data were stratified by gender. Age (60-64, 65-69, 70-74, 
75 or older), area of residence (metropolitan, rural), education-
al level (high school or below, college or above), job, household 
income (quartile of household income from the total 2014, 
2016, and 2018 KNHANES survey participants), and marital 
status (with spouse, without spouse) were included as demo-
graphic and socioeconomic factors. The participants’ jobs were 
classified into 4 categories: white-collar (professional, admin-
istrative, or office-work jobs), pink-collar (jobs in the service in-
dustry), blue-collar (unskilled manual labor, farming or fishing, 
machine operating, or other physical work), or none (unem-
ployed, housewives, or students) [26]. Eating habits (regular, 
irregular), lifetime smoking experience (yes, no), frequency of 
drinking (2-4 times/wk, 2-4 times/mo, never or occasionally), 
obesity (body mass index ≥25 kg/m2, <25 kg/m2), physical ac-
tivity (sufficient, insufficient), degree of feeling stressed (a lot, 
a little), and presence of comorbid chronic diseases were in-
cluded as health-related factors. Sufficient or insufficient physi-
cal activity was defined by the Global Physical Activity Ques-
tionnaire, developed by the World Health Organization [27]. 
Participants were classified as having a chronic disease if they 
had hypertension, type 2 diabetes mellitus, or dyslipidemia.
Statistical Analysis
The general characteristics of the participants are presented 
as number and percentage according to depression. The chi-
square test was performed to determine the significance of 
differences in baseline characteristics between participants 
with depression and those without depression. We investigat-
ed the association between HGS-related factors (HGS, HGS 
symmetry, and their joint action) and depression in the elderly 
using a multiple logistic regression model (R2=0.13, max-res-
caled R2=0.22). The variance inflation factor (VIF) was calculat-
ed to investigate the collinearity of independent variables. We 
determined that all calculated VIF values were less than 3.0, 
indicating acceptable multicollinearity among the indepen-
dent variables. The approximate relative excess risk due to in-
teraction from the odds ratio (RERIOR) was calculated to evalu-
ate the synergistic effect of HGS asymmetry and weakness 
[28]. Two exposures can be interpreted as having a positive 
additive interaction when the RERIOR is larger than 0, while a 
negative additive interaction is shown if the RERIOR is smaller 
than 0 [28]. Subgroup analyses stratified by each independent 
variable were performed to examine the independent effects 
of socioeconomic and health-related factors. Lastly, because 
the amount of missing data was quite large and the variables 
seemed not to be missing completely at random, we conduct-
ed additional analyses using the not missing completely at 
random (NOMCAR) option in SAS [29,30]. All statistical analy-
ses were performed using SAS version 9.4 (SAS Institute Inc., 
Cary, NC, USA). 
Ethics Statement
The KNHANES has been reviewed annually and approved by 
the KCDC Research Ethics Review Committee since 2007 and 
the collected data are published online for researchers to use. 
Before participation, written informed consent was obtained 
from all survey respondents. The committee operates accord-
ing to the KCDC Research Ethics Review Committee’s standard 
guidelines. Since this study used publicly available data, insti-
tutional review board approval was not required for this study 
based on Article 2.2 of the Enforcement Rule of the Bioethics 
and Safety Act in Korea.
RESULTS
Table 1 shows the general characteristics of participants ac-
cording to the presence of depression. In total, 4274 partici-
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Total Depression Normal Total Depression Normal
Total 1923 (100) 240 (12.5) 1683 (87.5) 2351 (100) 534 (22.7) 1817 (77.3)
Handgrip strength 0.021 <0.001
   High 778 (40.5) 83 (34.6) 695 (41.3) 941 (40.0) 163 (30.5) 778 (42.8)
   Medium 761 (39.6) 94 (39.2) 667 (39.6) 948 (40.3) 224 (41.9) 724 (39.8)
   Low 384 (20.0) 63 (26.3) 321 (19.1) 462 (19.7) 147 (27.5) 315 (17.3)
Handgrip strength symmetry 0.158 0.002
   Symmetric 1248 (64.9) 144 (60.0) 1104 (65.6) 1258 (53.5) 262 (49.1) 996 (54.8)
   Moderate asymmetry 495 (25.7) 67 (27.9) 428 (25.4) 730 (31.1) 165 (30.9) 565 (31.1)
   Prominent asymmetry 180 (9.4) 29 (12.1) 151 (9.0) 363 (15.4) 107 (20.0) 256 (14.1)
Handedness 0.917 0.241
   Right 1711 (89.0) 215 (89.6) 1496 (88.9) 2115 (90.0) 487 (91.2) 1628 (89.6)
   Left 88 (4.6) 11 (4.6) 77 (4.6) 95 (4.0) 23 (4.3) 72 (4.0)
   Both 124 (6.4) 14 (5.8) 110 (6.5) 141 (6.0) 24 (4.5) 117 (6.4)
Age (y) 0.012 <0.001
   60-64 518 (26.9) 65 (27.1) 453 (26.9) 657 (27.9) 115 (21.5) 542 (29.8)
   65-69 485 (25.2) 47 (19.6) 438 (26.0) 576 (24.5) 141 (26.4) 435 (23.9)
   70-74 417 (21.7) 46 (19.2) 371 (22.0) 483 (20.5) 103 (19.3) 380 (20.9)
   ≥75 503 (26.2) 82 (34.2) 421 (25.0) 635 (27.0) 175 (32.8) 460 (25.3)
Region 0.391 0.871
   Metropolitan 1036 (53.9) 136 (56.7) 900 (53.5) 1229 (52.3) 277 (51.9) 952 (52.4)
   Rural 887 (46.1) 104 (43.3) 783 (46.5) 1122 (47.7) 257 (48.1) 865 (47.6)
Educational level 0.002 0.010
   High school or lower 1554 (80.8) 212 (88.3) 1342 (79.7) 2184 (92.9) 510 (95.5) 1674 (92.1)
   College or higher 369 (19.2) 28 (11.7) 341 (20.3) 167 (7.1) 24 (4.5) 143 (7.9)
Job 0.121 <0.001
   White-collar 187 (9.7) 23 (9.6) 164 (9.7) 60 (2.6) 3 (0.6) 57 (3.1)
   Pink-collar 89 (4.6) 8 (3.3) 81 (4.8) 200 (8.5) 43 (8.1) 157 (8.6)
   Blue-collar 721 (37.5) 77 (32.1) 644 (38.3) 521 (22.2) 80 (15.0) 441 (24.3)
   None 926 (48.2) 132 (55.0) 794 (47.2) 1570 (66.8) 408 (76.4) 1162 (64.0)
Household income (quartiles) <0.001 <0.001
   High 337 (17.5) 28 (11.7) 309 (18.4) 334 (14.2) 53 (9.9) 281 (15.5)
   Middle-high 407 (21.2) 33 (13.8) 374 (22.2) 379 (16.1) 59 (11.0) 320 (17.6)
   Middle-low 560 (29.1) 67 (27.9) 493 (29.3) 632 (26.9) 123 (23.0) 509 (28.0)
   Low 619 (32.2) 112 (46.7) 507 (30.1) 1006 (42.8) 299 (56.0) 707 (38.9)
Marital status <0.001 <0.001
   With spouse 1697 (88.2) 190 (79.2) 1507 (89.5) 1415 (60.2) 278 (52.1) 1137 (62.6)
   Without souse 226 (11.8) 50 (20.8) 176 (10.5) 936 (39.8) 256 (47.9) 680 (37.4)
Eating habits 0.008 <0.001
   Regular 1636 (85.1) 190 (79.2) 1446 (85.9) 1880 (80.0) 386 (72.3) 1494 (82.2)
   Irregular 287 (14.9) 50 (20.8) 237 (14.1) 471 (20.0) 148 (27.7) 323 (17.8)
Lifetime smoking experience 0.276 0.001
   Yes 1540 (80.1) 199 (82.9) 1341 (79.7) 131 (5.6) 46 (8.6) 85 (4.7)
   No 383 (19.9) 41 (17.1) 342 (20.3) 2220 (94.4) 488 (91.4) 1732 (95.3)
(Continued to the next page)
67
Handgrip Strength and Depression
pants were included in the study, of whom 1923 (45.0%) were 
men and 2351 (55.0%) were women. The number of partici-
pants classified as having depression based on a PHQ-9 score 
of 5 or higher was 240 (12.5%) men and 534 (22.7%) women.
For men, there was no statistically significant association 
between HGS or HGS symmetry and depression. In contrast, 
compared to women with high HGS, the odds ratio (OR) for 
depression in women with medium HGS was 1.51 (95% confi-
dence [CI], 1.13 to 2.00) and that of women with a low HGS 
was 1.93 (95% CI, 1.33 to 2.81). The OR for depression in wom-
en with prominent HGS asymmetry was 1.46 (95% CI, 1.02 to 
2.08), compared to women with symmetric HGS. Other covari-
ates were associated with depression among women, such as 
low household income, living without a spouse, irregular eat-
ing habits, and experiencing a high level of stress (Table 2). 
Table 3 shows the joint action of HGS and HGS symmetry. 
No statistically significant association was found for men. Com-
pared to women with high and symmetric HGS, the OR for de-
pression was 3.77 (95% CI, 2.16 to 6.59) in women with promi-
nently asymmetric and low HGS and 2.02 (95% CI, 1.14 to 3.58) 
and 1.96 (95% CI, 1.19 to 3.23) in women with moderately asym-
metric and low HGS and prominently asymmetric and medium 
HGS, respectively. Although the association was not statistical-






Total Depression Normal Total Depression Normal
Drinking 0.662 0.614
   2-4 times/wk 675 (35.1) 83 (34.6) 592 (35.2) 137 (5.8) 35 (6.6) 102 (5.6)
   2-4 times/mo 388 (20.2) 44 (18.3) 344 (20.4) 182 (7.7) 38 (7.1) 144 (7.9)
   Never or occasionally 860 (44.7) 113 (47.1) 747 (44.4) 2032 (86.4) 461 (86.3) 1571 (86.5)
BMI (kg/m2)1 0.025 0.290
   Obese (≥25) 639 (33.2) 64 (26.7) 575 (34.2) 929 (39.5) 200 (37.5) 729 (40.1)
   Normal weight or underweight (<25) 1284 (66.8) 176 (73.3) 1108 (65.8) 1422 (60.5) 334 (62.5) 1088 (59.9)
Physical activity 0.068 0.004
   Sufficient 822 (42.7) 89 (37.1) 733 (43.6) 775 (33.0) 148 (27.7) 627 (34.5)
   Insufficient 1101 (57.3) 151 (62.9) 950 (56.4) 1576 (67.0) 386 (72.3) 1190 (65.5)
Stress <0.001 <0.001
   A lot 220 (11.4) 88 (36.7) 132 (7.8) 484 (20.6) 232 (43.4) 252 (13.9)
   A little 1703 (88.6) 152 (63.3) 1551 (92.2) 1867 (79.4) 302 (56.6) 1565 (86.1)
Chronic disease2 0.073 0.070
   Yes 1103 (57.4) 151 (62.9) 952 (56.6) 1487 (63.2) 356 (66.7) 1131 (62.2)
   No 820 (42.6) 89 (37.1) 731 (43.4) 864 (36.8) 178 (33.3) 686 (37.8)
BMI, body mass index.
1Obesity status was defined by BMI based on 2014 Clinical Practice Guidelines for Overweight and Obesity in Korea.
2Chronic diseases included hypertension, diabetes mellitus, and dyslipidemia.
Table 1. Continued from the previous page
Table 2. Handgrip strength and other factors associated with 





   High 1.00 (reference) 1.00 (reference)
   Medium 0.97 (0.62, 1.53) 1.51 (1.13, 2.00)
   Low 0.94 (0.56, 1.57) 1.93 (1.33, 2.81)
Handgrip strength asymmetry
   Symmetric 1.00 (reference) 1.00 (reference)
   Moderate asymmetry 1.28 (0.87, 1.88) 1.14 (0.86, 1.52)
   Prominent asymmetry 1.20 (0.71, 2.05) 1.46 (1.02, 2.08)
Handedness
   Right 1.00 (reference) 1.00 (reference)
   Left 1.03 (0.49, 2.16) 1.08 (0.60, 1.94)
   Both 0.66 (0.28, 1.55) 0.66 (0.37, 1.18)
Age (y)
   60-64 1.00 (reference) 1.00 (reference)
   65-69 0.59 (0.33, 1.04) 1.19 (0.81, 1.74)
   70-74 0.75 (0.42, 1.33) 0.67 (0.44, 1.00)
   ≥75 1.08 (0.59, 1.97) 0.80 (0.52, 1.22)
Region
   Metropolitan 1.00 (reference) 1.00 (reference)
   Rural 0.86 (0.60, 1.24) 0.83 (0.64, 1.07)
(Continued to the next page)
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not higher in women with high HGS and HGS asymmetry than 
in women with high and symmetric HGS. The calculated RERIOR 
was 1.86 (95% CI, 1.83 to 1.89) for women with prominent HGS 
asymmetry and low HGS, 0.76 (95% CI, 0.74 to 0.77) for those 
with moderate HGS asymmetry and low HGS, 0.60 (95% CI, 
0.59 to 0.61) for those with prominent HGS asymmetry and 
medium HGS, and 0.28 (95% CI, 0.28 to 0.28) for those with 
moderate HGS asymmetry and medium HGS. Asymmetric HGS 
and low HGS had a positive additive interaction effect on the 
prevalence of depression, and that interaction effect became 
stronger with the degree of HGS asymmetry and weakness.
We analyzed the relationship between HGS and depression 
according to subgroups for each independent variable. Sup-
plemental Material 1 shows the significant results. Compared 
to women with high HGS in the same groups, the odds of de-
pression among women with low HGS were higher among 
those who were older than 75 years (OR, 2.89, 95% CI, 1.46 to 
5.74), those who were normal-weight or underweight (OR, 2.18; 
95% CI, 1.36 to 3.50), those who engaged in regular physical 
activity (OR, 2.24; 95% CI, 1.14 to 4.38), and those who had a 
chronic illness (OR, 2.41; 95% CI, 1.52 to 3.80).
DISCUSSION 
This study investigated the associations of HGS and HGS sym-
metry with depression among the elderly in Korea. We found 





   High school or lower 1.91 (1.09, 3.35) 1.48 (0.89, 2.44)
   College or higher 1.00 (reference) 1.00 (reference)
Job
   White-collar 1.00 (reference) 1.00 (reference)
   Pink-collar 0.70 (0.28, 1.75) 2.69 (0.76, 9.49)
   Blue-collar 0.67 (0.34, 1.32) 1.74 (0.52, 5.78)
   None 0.83 (0.42, 1.63) 3.07 (0.94, 10.03)
Household income (quartiles)
   High 1.00 (reference) 1.00 (reference) 
   Middle-high 1.25 (0.67, 2.31) 0.94 (0.60, 1.49)
   Middle-low 1.61 (0.88, 2.96) 1.26 (0.83, 1.92)
   Low 2.11 (1.08, 4.13) 1.80 (1.16, 2.82)
Marital status
   With spouse 1.00 (reference) 1.00 (reference)
   Without souse 1.79 (1.13, 2.84) 1.34 (1.01, 1.78)
Eating habits
   Regular 1.00 (reference) 1.00 (reference)
   Irregular 1.26 (0.79, 2.01) 1.58 (1.19, 2.09)
Lifetime smoking experience
   Yes 1.24 (0.77, 1.99) 1.26 (0.76, 2.10)
   No 1.00 (reference) 1.00 (reference)
Drinking
   2-4 times/wk 0.86 (0.57, 1.30) 1.24 (0.74, 2.08)
   2-4 times/mo 1.07 (0.67, 1.71) 0.96 (0.58, 1.57)
   Never or occasionally 1.00 (reference) 1.00 (reference)
BMI (kg/m2)1
   Obese (≥25) 0.75 (0.51, 1.09) 0.80 (0.62, 1.04)
   Normal weight or underweight (<25) 1.00 (reference) 1.00 (reference)
Physical activity
   Sufficient 1.00 (reference) 1.00 (reference)
   Insufficient 1.06 (0.75, 1.51) 1.22 (0.91, 1.64)
Stress
   A lot 7.79 (5.21, 11.65) 4.60 (3.53, 5.99)
   A little 1.00 (reference) 1.00 (reference)
Chronic disease2
   Yes 1.36 (0.95, 1.96) 1.12 (0.85, 1.47)
   No 1.00 (reference) 1.00 (reference)
PHQ-9, Patient Health Questionnaire-9; BMI, body mass index. 
1Obesity status was defined by BMI based on 2014 Clinical Practice Guide-
lines for Overweight and Obesity in Korea.
2Chronic diseases included hypertension, diabetes mellitus, and dyslipidemia. 







   High 1.00 (reference) 1.40 (0.76, 2.59) 1.23 (0.38, 4.04)
   Medium 1.03 (0.60, 1.76) 1.22 (0.62, 2.41) 1.14 (0.47, 2.79)
   Low 0.96 (0.51, 1.84) 1.20 (0.55, 2.62) 1.23 (0.51, 2.97)
Women
   High 1.00 (reference) 1.17 (0.73, 1.88) 0.83 (0.45, 1.55)
   Medium 1.47 (0.99, 2.20) 1.53 (0.93, 2.52) 1.96 (1.19, 3.23)
   Low 1.45 (0.82, 2.56) 2.02 (1.14, 3.58) 3.77 (2.16, 6.59)
Values are presented as odds ratio (95% confidence interval).
HGS, handgrip strength; PHQ-9, Patient Health Questionnaire-9; RERIOR, rela-
tive excess risk due to interaction from odds ratios. 
1Calculated RERIOR: 1.86 for women with prominent HGS asymmetry and low 
HGS, 0.76 for women with moderate HGS asymmetry and low HGS, 0.60 
for women with prominent HGS asymmetry and medium HGS, and 0.28 for 
women with moderate HGS asymmetry and medium HGS. All of the above 
RERIOR values were statistically significant.
2.52) in women with moderately asymmetric and medium HGS 
and 1.47 (95% CI, 0.99 to 2.20) in women with symmetric and 
medium HGS. However, the odds of having depression were 
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significant relationship with the prevalence of depression among 
elderly Korean women after adjusting for socioeconomic and 
health-related factors.
Previous studies have explained the association between low 
HGS and depression through several mechanisms. Fukumori 
et al. [31] found a longitudinal relationship between HGS and 
depression in a Japanese cohort study among adults aged 40-
79. Low HGS represents low physical function, which can lead 
to poor quality of life and adversely affect mental health in the 
long term. On the contrary, depression can be a risk factor for 
developing sarcopenia because people with depression often 
engage in less physical activity and have a lower appetite than 
others. Both of the above proposals may be correct, and there 
may be a bidirectional relationship between low HGS and de-
pression. Chronic illnesses are associated with both decreased 
muscle strength and depression and can act as a pathway be-
tween them [8,9,32]. 
In the present study, statistically significant associations were 
observed only in women. This can be explained by the fact that 
women are known to be more susceptible to depression than 
men and thus are more sensitive to factors associated with de-
pression. Since muscle strength differs by gender, an HGS of 
28.1 kg was in the lower 20th percentile for men, while the same 
strength was over the 90th percentile for women in this study. 
In other words, men with low muscle strength are still stron-
ger than women with normal muscle strength. Therefore, low 
muscle strength may have less impact on the physical func-
tion and quality of life of men than of women.
Previous studies found that the prevalence of depression 
was higher in left-handed people, corresponding to a function-
al brain abnormality (namely, hyperactivity of the right hemi-
sphere) [33]. Crews Jr et al. [15] found that depressed women 
displayed significantly less hand-grip fatigue of the left hand 
than non-depressed women. However, in our results, there 
were no difference in the prevalence of depression between 
left-handed and right-handed participants (Table 2). In addi-
tion, among right-handed women, the odds of depression in-
creased as the degree of asymmetry increased, regardless of 
its direction, compared to women with symmetric HGS (Sup-
plemental Material 2). If the association between asymmetric 
HGS and depression is a result of hyperactivation of the right 
hemisphere, the asymmetry associated with depression would 
only appear as an increase in the left HGS. Moreover, compared 
to women with symmetric HGS, the ORs for depression in wom-
en with HGS asymmetry were almost the same in the unadjust-
ed model, the model adjusted for socioeconomic factors, and 
the fully adjusted model (Supplemental Material 3). Therefore, 
these results suggest that HGS asymmetry is associated with 
depression in the elderly through a mechanism other than 
brain functional abnormality, regardless of socioeconomic and 
health-related lifestyle factors. 
McGrath et al. [19] found that HGS asymmetry was associat-
ed with functional limitations in older Americans in their cross-
sectional study. Therefore, asymmetric HGS may represent an 
asymmetry in motor function, which leads to physical imbal-
ance and functional limitations. Subsequently, a decline in the 
quality of life and depression can be induced by functional 
limitations.
As shown in Table 3, the differences in the ORs for having 
depression according to HGS symmetry increased with de-
creasing HGS. The calculated RERIOR was 1.86 (95% CI, 1.83 to 
1.89) for women with prominent HGS asymmetry and a low 
HGS and was larger than 0 in all other groups of women with 
asymmetric and lower HGS. If the RERIOR is larger than 0, it can 
be interpreted as showing that 2 exposures have a positive ad-
ditive interaction. Thus, a positive additive interaction for de-
pression was found to be present between low HGS and HGS 
asymmetry, and this interaction was particularly large be-
tween low HGS and prominently asymmetric HGS. However, 
the association between HGS asymmetry and depression ap-
peared only in elderly women with lower HGS. Frailty is an 
emerging paradigm composed of characteristics including 
wasting (loss of muscle mass and strength, weight loss), loss 
of endurance, decreased balance and mobility, slowed perfor-
mance, relative inactivity, and, potentially, diminished cogni-
tive function [34]. Many studies have shown a reciprocal inter-
action between depression and frailty in older adults, each 
condition may be a risk factor for the development of the oth-
er [35,36]. It has been reported that asymmetry of lower leg 
strength is associated with frailty phenotypes including stand-
ing imbalance, decreased walking speed, and falls in the el-
derly [37,38]. Because HGS is closely related to lower limb 
strength [39,40], we think that asymmetric and low HGS can 
be integrated into the common process of frailty, which may 
act as a linking pathway to depression and show synergistic 
interactions by sharing the same pathway.
This study has several limitations. First, we used a cross-sec-
tional design, so a causal relationship cannot be established 
due to the absence of a temporal context. The association be-
tween low HGS and depression may appear large due to re-
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verse causality (muscle weakness due to depressive symptoms). 
Second, of the 6527 people aged 60 years and older who par-
ticipated in the KNHANES, only 4274 were selected for this 
study. However, the excluded participants were more likely to 
have depression than the included participants (18.1 vs. 26.8%), 
had lower HGS (19.8 vs. 28.2%), and more prominent HGS 
asymmetry (12.7 vs. 17.1%) (Supplemental Material 4). Thus, 
the associations that we found might have been even stronger 
in the excluded participants and our results may therefore be 
conservative. Even when analyzed with the NOMCAR option 
of SAS, the results did not differ significantly from the original 
results (Supplemental Material 5). Nevertheless, since the 
large amount of missing values might have affected the re-
sults, the associations found in this study should be confirmed 
in additional studies. Lastly, although the PHQ-9 is known to 
be an effective diagnostic tool for screening of depression, due 
to the inherent limitations of self-reported measures, differ-
ences may exist between the population with depression as 
defined in this study and the actual population with major de-
pressive disorder.
Despite these limitations, this study also has strengths. Our 
findings suggest that HGS asymmetry may be related to de-
pression in elderly women. In addition, we found that the HGS 
asymmetry might strengthen the association between low 
HGS and depression, and this synergy may be more important 
than the effect of each factor alone. Lastly, our results suggest 
that the relationship between HGS and depression is especial-
ly prominent in women with certain characteristics, such as 
being older than 75 years, being normal-weight or underweight, 
engaging in regular exercise, and having a chronic illness.
Measuring HGS is a cheap, simple, and non-invasive test that 
can be easily performed in primary care settings. Performing 
this simple test may help physicians assess both the mental 
health and physical status of elderly patients. The findings of 
this study are consistent with previous studies reporting that 
HGS asymmetry and weakness together are jointly associated 
with adverse health conditions in older populations [19-21]. 
Our results suggest that HGS asymmetry has potential as a 
new indicator of HGS in the elderly, although subsequent stud-
ies are needed to confirm its usefulness in clinical settings. 
In conclusion, we found that asymmetric or low HGS was as-
sociated with depression among Korean elderly women. This 
association was especially strong when both asymmetric and 
low HGS were present. Thus, when measuring HGS in the el-
derly, it is also important to check for symmetry. Although this 
association should be confirmed in longitudinal studies, our 
findings support the potential of HGS asymmetry as a new in-
dicator of HGS in the elderly. 
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